Kinetic measurements of membrane insertion. T-domain insertion kinetics were measured using NBD fluorescence signals as described by (Kyrychenko et al., 2009). Normally 0.2 µM of labeled T-domain were mixed with 1 mM LUV in 10 mM phosphate buffer at pH 8, and membrane binding and insertion were initiated by manual injection of the appropriate aliquots of the 0.5 M acetic buffer. Fluorescence was measured using a SPEX Fluorolog FL3-22 steady-state fluorescence spectrometer (Jobin Yvon, Edison, NJ) equipped with double-grating excitation and emission monochromators. The measurements were made in a 2×10-mm cuvette oriented perpendicular to the excitation beam using 465 nm excitation and 530 nm emission with 2 nm slits. CD measurements and analysis of thermal unfolding. CD measurements were performed using an upgraded Jasco-720 spectropolarimeter (Japan Spectroscopic Company, Tokyo). Temperature-dependencies of unfolding were monitored by measuring ellipticity at 222 nm with 1 degree/minute scan rate using a 1 mm optical path cuvette. Denaturation was reversible. The thermal unfolding was analyzed using thermodynamic equations for a reversible two-state, N↔U unfolding transition, where N and U are the native and the unfolded state of the protein, respectively. In order to obtain the transition temperature (T m ) and the enthalpy changes ( 
CD measurements and analysis of thermal unfolding. CD measurements were performed using an upgraded Jasco-720 spectropolarimeter (Japan Spectroscopic Company, Tokyo). Temperature-dependencies of unfolding were monitored by measuring ellipticity at 222 nm with 1 degree/minute scan rate using a 1 mm optical path cuvette. Denaturation was reversible. The thermal unfolding was analyzed using thermodynamic equations for a reversible two-state, N↔U unfolding transition, where N and U are the native and the unfolded state of the protein, respectively. In order to obtain the transition temperature (T m ) and the enthalpy changes (∆H o ), raw data were fitted applying nonlinear least-square analysis with six fitting parameters, Y N , m N , Y U , m U , ∆H o and T m with the following equations (Eftink, 1994) : Translocation assay. The ability of DT T-domain to translocate its N-terminal part across the lipid bilayer was studied with the use of thrombin loaded LUVs. DTT constructs contain a thrombin cleavage site at position 198 (17 amino acids upstream the N terminus), so that upon the translocation a part of the protein inserted into LUVs can be cleaved by thrombin. LUVs containing ~ 0.05 units of bovine thrombin (Fisher Bioreagents, Fair Lawn, NJ) were prepared by extrusion. Non-encapsulated thrombin was removed by gel filtration on Superose 12 column. Normally, a 100 nM of T-domain was mixed with 2 mM of vesicles in total volume of 40 μl. To prevent cleavage due to vesicle rupture (rather than translocation of the terminus), 0.01 units of thrombin inhibitor hirudine (Sigma, St. Louis, MO) was added to the reaction mixture. After 2 h of incubation at room temperature, 10 μl of 5x SDS sample buffer were added, and samples were boiled for 5 min and analyzed by SDS PAGE 4-15% Tris-HCl gels. The data presented here show strongly reduced pH-dependent translocation activity of Triple-R and Triple-Q mutants compared to that of the WT T-domain.
Conductance assay in planar bilayers. The current response was measured under voltage-clamp conditions in planar bilayers separating two chambers: the cis-chamber with acidic buffer into which the proteins were injected from a stock solution and the trans-chamber with neutral buffer as described previously (Senzel et al., 1998) Asolectin planar bilayers were formed and voltage-clamp recordings were performed as previously described (Kienker et al., 2000) . The voltage is defined as the potential of the cis compartment, relative to that of the opposite trans compartment. The aqueous solutions contained 1 M KCl, 2 mM CaCl 2 , 1 mM EDTA, and either 30 mM MES, pH 5.3 (cis) or 20 mM HEPES, pH 7.2 (trans). Cytotoxicity assay. This test of of physiological activity utilizes full-length diphtheria toxin (as per NIH guidelines, these studies were performed with a weakened strain carrying E148S mutation in the catalytic domain to reduce the toxic potency (Barbieri and Collier, 1987) ). Cell death was determined by monitoring the inhibition of protein synthesis (Blanke et al., 1996) . Briefly, CHO-K1 cells (10,000 cells/well) were intoxicated by diphtheria toxin constructs for 24 hrs at 37 o C after which incorporation of L- [4, 5- 3 H] leucine was measured. 
